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Summary
Introduction:  Infection  is  a  serious  complication  of  total  hip  arthroplasty  (THA)  and  is  one  of
the most  frequent  causes  of  failure.  The  goal  of  this  study  was  to  evaluate  the  importance  of
infection among  the  different  causes  of  revision  THA  and  identify  any  risk  factors  speciﬁcally
associated  with  this  cause  of  revision.
Materials  and  methods:  All  patients  who  underwent  a  ﬁrst  revision  of  THA  were  included  in  a
prospective  multicenter  study.  Postoperative  clinical  and  radiological  evaluation  and  follow-up
of morbidity  and  mortality  were  performed  at  3  months.
Results:  Two  hundred  forty  out  of  2107  revisions  (11.4%)  were  performed  for  infected  THA,
which was  the  third  cause  after  aseptic  loosening  (42.3%)  and  peri-prosthetic  fractures  (11.8%).
These patients  had  a  higher  BMI  associated  with  co-morbidities  and  lower  clinical  scores  than
patients with  other  causes  of  revision.  One-stage  revision  was  performed  in  most  cases  (66%)
with replacement  of  the  complete  implant  in  86%  of  cases,  resulting  in  longer  surgery  compared
to that  for  other  causes.  Male  gender  (OR  2.3),  avascular  necrosis  (OR  2.4),  arthroplasties  with
dual mobility  cups  (OR  2.5)  and  a  Rottinger  anterolateral  approach  (OR  3.4)  were  all  associated
with an  increased  risk  of  infection.
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Discussion:  Some  of  these  risk  factors  are  not  or  have  rarely  been  reported  in  the  literature.
They should  be  taken  into  consideration  to  help  in  the  prevention  and  continuing  battle  against
THA infection.
Level  of  evidence:  Level  IV,  prospective  cohort  study.
© 2013  Elsevier  Masson  SAS.  All  rights  reserved.
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ity  of  women  in  the  overall  series  (P  <  0.0001).  The  mean
age  of  patients  was  69.  Patients  with  infections  had  more
complications  after  primary  arthroplasty  (33%)  and  15%
had  already  undergone  early  lavage  due  to  suspected
infection.  Revisions  for  infection  were  performed  a  mean
5.6  years  after  primary  THA  (from  1  week  to  34.5  years)
Table  1  Classiﬁcation  of  causes  of  revision  in  2107  total
hip arthroplasty  (THA)  composing  the  database  for  the  2012
SoFCOT  Symposium.
Cause  of  revision  No.  of  THA  concerned  %
Aseptic  loosening  891  42.3
THA fracture  249  11.8
Infection  240  11.4
Wear and/or  osteolysis  230  10.9
Dislocation  219  10.4
Technical  error  119  5.6ntroduction
nfection  is  one  of  the  most  serious  complications  of  total
ip  arthroplasty  (THA).  This  complication  occurs  in  0.5—3%
f  the  cases  in  the  literature,  and  represents  a  major  cost
o  society  [1,2].  Various  management  protocols  have  been
escribed  in  the  literature  based  on  local  or  national  reg-
sters  [2—7].  However,  the  tendency  is  early  intervention
nd  especially  a  multidisciplinary  approach.  Although  a  two-
tage  revision  procedure  is  the  reference  treatment,  it  is
ncreasingly  being  replaced  by  a  one-stage  revision  proce-
ure.  The  creation  of  reference  centers  is  making  it  possible
o  optimize  the  management  of  these  difﬁcult  cases  [8].
A  symposium  at  the  87th  SOFCOT  meeting  (Paris,  Novem-
er  2012)  provided  an  update  on  the  management  of  revision
f  primary  THA  in  France,  whose  results  have  now  been  pub-
ished  [9].  Based  on  the  data  from  the  symposium,  the  goal
f  this  study  was  to:
 describe  the  features  of  revision  of  THA  for  infection  and
quantify  the  number  of  revisions  for  this  cause  compared
to  other  causes;
 try  to  determine  the  characteristics  of  patients  at  risk  of
requiring  revision  of  THA  for  infection;
 deﬁne  the  therapeutic  options  chosen  during  revision
surgery;
 evaluate  early  morbidity  and  mortality  3  months  after  the
ﬁrst  revision.
aterials and methods
 multicenter  study  (30  centers)  sponsored  by  SOFCOT
eported  the  results  of  ﬁrst  revisions  of  primary  THA  (exclud-
ng  multiple  revisions)  performed  between  January  1,  2010
nd  December  31,  2011.  All  patients  who  underwent  partial
r  complete  revision  THA  underwent  a  preoperative  eval-
ation  and  short-term  (3  months)  postoperative  follow-up.
urgical  data  on  primary  arthroplasty  such  as  the  type  of
mplant,  cemented  or  cementless  components,  the  type  of
earing  couple  and  peri-  and  postoperative  complications
ere  noted.  Data  identifying  the  type  of  revision  implants
s  well  as  the  duration  of  surgery  and  any  complications
ere  also  reported.  The  preoperative  protocol  to  evaluate
he  risk  of  infection  included  dental  assessment  and  urinary
ract  and  nasal  screening.
Statistical  analyses  were  performed  in  the  biostatistics
nit  of  the  Lille  CHRU  using  SAS  software  version  9.2  and
PSS  version  15.0.  Descriptive  statistics  were  performed  by
nalysis  of  continuous  ordinal,  nominal,  qualitative  and/or
ualitative  variables.  Comparisons  were  performed  by  the
hi2 test,  Fischer  exact,  Student  t-test,  Mann-Whitney  orruskal-Wallis  tests.  Predictive  risk  factors  were  evaluated
y  stepwise  logistic  regression  analysis  (Odds  Ratio  Method).
esults
nfection  was  the  third  cause  of  revision  in  the  2107  consec-
tive  patients  who  were  included  in  the  study  (11.4%,  240
ases),  after  aseptic  loosening  (42.3%)  and  peri-prosthetic
ractures  (11.8%)  (Table  1).  The  percentage  of  revision  THAs
erformed  for  infection  varied  signiﬁcantly  (0—44%)  depend-
ng  on  the  center.  The  center  that  performed  the  revision
HA  procedure  had  only  performed  primary  THA  in  41.4%  of
ases.
Revisions  for  infection  were  divided  into  three  subgroups:
arly  infections  with  revision  within  one  year  after  arthro-
lasty;  late  infections  with  revision  after  the  ﬁrst  year;  and
eptic  loosening  with  no  notion  of  a  time  limit  (Fig.  1).  The
echniques  and  implants  used  for  primary  THA  and  revision
HA  are  described  in  Table  2: hip  replacements  were  nearly
ll  standard  total  replacements  with  conventional  stems
only  one  case  of  resurfacing),  with  a  modular  acetabular
omponent  in  70.4%  of  cases.  Dual  mobility  acetabular  com-
onents  were  used  in  24.7%  of  cases,  which  was  comparable
o  the  rest  of  the  series.
The  elements  that  were  signiﬁcantly  different  between
evisions  for  infection  and  revisions  for  other  causes  are
resented  in  Table  3. Revisions  for  infection  were  mostly
erformed  in  men  (61%),  although  there  were  a  major-Implant  fracture  67  3.2
Other causes  92  4.4
Total 2107  100
Infection  as  a  cause  of  primary  THA  revision  557
Figure  1  Infected  and  loosened  cemented  total  hip  arthro-
plasty  with  severe  osteolytic  defects.
Table  2  Comparison  of  characteristics  of  primary  total  hip
arthroplasty  (THA)  and  revision  THA  for  infection.
Characteristics:  n  =  240  hips  Primary
THA,  n  (%)
Revision
THA,  n  (%)
Surgical  approach
Anterior  10  (4.3)  10  (4.3)
Lateral  47  (20)  41  (17.7)
Trochanterotomy  8  (3.4)  26  (11.3)
Posterolateral  157  (66.8)  151  (65.4)
Rottinger  approach  13  (5.5)  3  (1.3)
Acetabular  ﬁxation
Cemented  without  ATB  7  (3)  3  (1.2)
Cemented  with  ATB  32  (13.3)  94  (39)
Non-cemented  168  (70)  92  (38)
NA 33  51
Femoral  ﬁxation
Cemented  w/o  ATB  5  (2)  2  (1)
Cemented  with  ATB  67  (28)  85  (35)
Cementless  115  (48)  94  (39)
NA 53  59
Bearing  couple
Metal  Poly  174  (73)  183  (76)
Ceramic-ceramic  39  (16)  19  (8)
Metal-metal  16  (6.7)  0
NA 11  38
Type of  cup  or  insert
Standard  166  (69)  76  (32)
Elevated  rim  6  (2.5)  7  (3)
Dual  mobility  57  (24)  123  (51)
Constrained  2  (1)  2  (1)
NA 9  32
Figure  2  Classiﬁcation  of  infected  primary  total  hip  arthro-
plasty (THA)  revised  in  one  or  two  stages  according  to  the
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phree deﬁned  categories  of  infection,  i.e.  early  (<  1  year),  late
> 1  year)  or  septic  loosening.
ompared  to  11.9  years  (from  D0—42  years)  for  all  other
auses  (P  <  0.0001).
Seventy-six  percent  of  the  patients  with  infection  pre-
ented  with  at  least  one  comorbidity  (43%  cardiovascular
nd  7%  diabetes).  Finally,  patients  who  underwent  revision
or  infection  had  a  higher  ASA  score  (P  <  0.0001),  a  higher
MI  score  (28.0  vs  26.5,  P  <  0.0001)  and  a lower  Devane  score
P  =  0.0145)  than  patients  who  underwent  revision  for  other
auses.  The  mean  PMA  score  before  revision  was  10  versus
1  (P  <  0.0001)  and  the  mean  Oxford  score  was  39.7  versus
7.6  (P  <  0.05).  On  the  other  hand,  there  was  no  signiﬁcant
ifference  in  the  functional  scores  between  early  versus  late
nfection  without  loosening  or  with  septic  loosening.
The  hip  revision  procedure  was  performed  by  posterolat-
ral  approach  in  66%  of  cases  and  in  a  two-stage  procedure
n  34%  of  the  cases,  while  this  two-stage  procedure  was
early  inexistent  for  other  causes  of  revision.  A  one-stage
evision  procedure  was  the  preferred  technique  for  all  cate-
ories  of  infected  THA  (Fig.  2).  Primary  THA  was  signiﬁcantly
ore  recent  in  patients  who  underwent  a  one-stage  revision
rocedure  (4.6  years  compared  to  7.6  years)  (P  <  0.0001).
he  age  at  revision  did  not  inﬂuence  the  surgical  tech-
ique.  Surgery  was  longer  and  lasted  a mean  143  minutes
25′—430′)  compared  to  130  minutes  (20′—510′) for  other
auses  (P  <  0.001).  On  the  other  hand,  although  most  revi-
ions  for  infection  were  performed  by  a  senior  surgeon
71.5%),  signiﬁcantly  more  junior  surgeons  performed  revi-
ion  surgery  for  infection  than  for  other  causes  (P  =  0.003).
Both  femoral  and  acetabular  implants  were  replaced  in
6%  of  cases.  The  rate  of  revision  of  both  components  for
nfections  that  occurred  less  than  a year  after  primary  THA
as  58%,  while  it  was  91%  in  infections  more  than  1  year  after
rimary  THA  (Table  4, Fig.  3). An  acetabular  reinforcement
ing  was  used  in  37%  of  revisions  and  a  bone  graft  in  18.8%.
ement  ﬁxation  was  used  in  51.3%  of  cups,  and  was  more
requent  in  primary  THA,  while  cemented  stems  were  found
n  48%  with  the  opposite  tendency.  Antibiotic  impregnated
ement  was  used  in  39%  of  revision  cups  and  35%  of  femoral
tems,  and  dual  mobility  cups  were  used  for  revisions  in  59%.
The  perioperative  complication  rate  was  10%  with  greater
rochanter  fractures  in  3.6%,  acetabular  fractures  in  1.3%
nd  femoral  fractures  or  wrong  directions  in  2.2%.  Eighteen
er  cent  of  cases  presented  with  at  least  one  complication  at
558  N.  Reina  et  al.
Table  3  Comparison  of  primary  and  revision  total  hip  arthroplasty  (THA)  and  signiﬁcantly  different  patient  characteristics
between the  ‘‘revision  for  infection’’  group  and  ‘‘all  other  causes  of  revision’’.
Characteristics  Infection  group  (n  =  240)  All  other  causes  (n  =  1867)  P  <  0.05
Primary  THA
Mean  age  (SD)  63.5  (±13.7)  58.3  (±13.9)  <  0.0001
Junior Surgeon  24  (10.2%)  129  (7%)  0.08
Rottinger approach  13  (5.5%)  34  (1.8%)  0.0005
Cemented acetabular  compo  67  (28.5%)  725  (39.2%)  0.0014
Cement with  ATB  (2  sides)  99/188  (53%)  741/1749  (42%)  <  0.0001
Dual mobility  cup 57  (24%)  194  (10.4%)  <  0.0001
Postoperative  complications 66  (33%) 211  (13%) <  0.0001
Revision THA
External  recruitment  137  (57%)  929  (50%)  0.02
Junior surgeon  68  (28.5%)  377  (20.2%)  0.003
Delay (SD)  5.59  (±6.56)  11.9  (±8.09)  <  0.0001
Total revision 174  (74%)  844  (45%)  <  0.0001
Two-stage revision 81  (34%)  3  (0.2%)  <  0.0001
Perioperative  complications 24  (10%) 122  (6.5%)  0.03
Antibiotic cement 125  (65%)  906  (50%)  <  0.0001
Patient characteristics  at  revision
Male  gender  146  (61%)  762  (41%)  <  0.0001
Mean ASA  (SD)  2.36  (±0.74)  2.14  (±0.69)  <  0.0001
Body Mass  Index  (SD)  28  (±6.3)  26.3  (±5.1)  <  0.0001
PMA Score  10.1  (±3.8)  11.1  (±4.2)  0.0004
Oxford Score  (SD)  39.7  (±11.9)  37.6  (±12.5)  0.03
Devane Score  2.5  (0.94)  2.7  (0.92)  0.014
Death at  3  months  11  (4.6%)  23  (1%)  0.0001
SD: standard deviation; ATB: antibiotics.
Figure  3  Classiﬁcation  of  number  and  type  of  revisions  for
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Table  4  Partial  or  total  revision  according  to  the  type  of
infection.
Type  of  revision
for  infection
THA  revision  for
infection  (240)
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tion  and  revision  for  infection  in  THA,  but  to  obtain  a  partialnfection  according  to  the  three  categories  of  infections.
he  3-month  follow-up,  including  nine  recurrent  infections
3.8%)  and  11  deaths  (4.6%).
A  dental  assessment  was  performed  in  the  preopera-
ive  evaluation  before  revision  for  infection  in  81%  of  the
enters,  screening  for  urinary  infection  in  87%  and  nasal
creening  in  50%.  Postoperative  antibiotics  were  adminis-
ered  according  to  the  hospital  unit  protocol  in  79%  of  cases.
f  cementing  was  used  (acetabular,  femoral  or  mixed)  during
evision,  an  antibiotic  impregnated  cement  was  used  in  97%
f  the  cases  of  revision  for  infection  as  well  as  in  95%  of  the
evisions  for  other  causes.
p
s
t<  1  year 80  (34%) 42  58
> 1  year 111  (46%) 9  91
Multivariate  analysis  (Odds  ratio)  of  primary  THA  showed
hat  the  risk  of  revision  for  infection  was  higher  for  male  gen-
er  2.3  (95%  CI,  1.7—3.8);  for  an  initial  diagnosis  of  avascular
ecrosis  of  the  femoral  head  2.4  (95%  CI,  1.5—3.9);  for  the
se  of  a dual  mobility  cup  2.5  (CI  95%,  1.7—3.6);  and  when
rimary  THA  was  performed  by  Rottinger  approach  3.4  (CI
5%,  1.6—7.1).
iscussion
his  retrospective  multicenter  study  with  a  3-month  postop-
rative  evaluation  has  obvious  limitations.  The  intermediate
nd  long-term  results  and  the  biological  and  bacteriological
ollow-up  of  infected  hip  replacements  were  not  the  aim  of
his  study.  The  focus  of  this  paper  was  not  the  study  of  infec-icture  of  the  characteristics  of  revisions  for  infection  at  a
peciﬁc  moment  in  time  and  the  management  practices  of
his  entity  in  France  in  2012.
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pInfection  as  a  cause  of  primary  THA  revision  
THA  infection  was  the  third  cause  of  revision  in  the
symposium  series  (Table  1).  This  is  very  similar  to  results
observed  in  foreign  national  registers  [3—6,10,11].  The  clin-
ical  picture  of  the  patients  in  this  study  who  underwent
revision  for  infection  was  also  signiﬁcantly  different  from
that  of  revision  for  other  causes,  with  poorer  functional
results  and  a  shorter  delay  to  revision  (Table  3).  Although
two-stage  revision  THA  procedures  were  more  frequent  than
one-stage  procedures  in  the  2001  SOFCOT  symposium  on  THA
revisions  for  infection  [12],  one-stage  procedures  were  more
frequent  in  revisions  for  infection  in  the  present  multicen-
ter  study.  While  Garvin  et  al.  [13]  reported  an  eradication
rate  of  more  than  90%,  the  tendency  towards  short  surgical
procedures  has  been  conﬁrmed  in  the  more  recent  litera-
ture  with  very  satisfactory  results  [14—17].  The  Norwegian
register  has  shown  that  there  is  a  reduced  risk  of  second
revision  following  two-stage  revisions  of  infected  THA,  but
this  was  not  statistically  signiﬁcant,  and  the  use  of  a  cement
spacer  could  improve  function  during  the  interval  between
surgeries  [18,19].
The  clinical  presentation  also  varied  between  early  infec-
tion,  late  infection  and  septic  loosening,  although  we  did  not
ﬁnd  any  speciﬁcity  for  one  type  of  patient  or  management.
The  functional  outcome  of  infected  THA  is  devastating,
especially  since  postoperative  results  are  related  to  preop-
erative  functional  scores,  especially  pain.  [20,21].  Surgery
is  also  longer  because  of  lavage,  debridement  and  wide
excision  of  infected  tissue  as  well  as  more  or  less  complex
reconstruction  depending  on  the  extent  of  associated  bone
defects  and  iatrogenic  bone  damage.
The  choice  of  components  and  ﬁxation  differed  between
primary  and  revision  THA  (Table  2).  Indeed,  although  the
femoral  implant  was  cemented  by  half  of  the  surgeons  in
both  cases,  the  acetabular  component  was  more  frequently
cemented  during  revision  for  infected  THA,  but  not  pri-
mary  THA.  The  frequency  of  acetabular  osteolysis  probably
makes  cementless  acetabular  components  difﬁcult  to  insert
which  means  that  a  support  ring  was  needed  in  one  third  of
cases.  Although  ‘standard’  stems  were  usually  used,  mod-
ular  or  locking  revision  stems  were  often  found  in  revision
for  infection,  which  is  a  sign  of  certain  technical  difﬁcul-
ties.  Moreover,  while  different  bearing  couples  were  used
for  primary  THA,  metal/polyethylene  was  chosen  in  most
cases  (77%)  for  revision.
There  is  no  consensus  on  the  preoperative  assessment
protocol  to  detect  patients  at  risk  of  THA  infection.  Nasal
screening  for  methicillin-resistant  Staphylococcus  aureus
(MRSA)  was  only  performed  by  half  of  the  teams  in  our  study.
And  yet  this  germ  is  an  important  source  of  THA  infection
and  results  in  a  higher  rate  of  recurrence  [22]. For  cer-
tain  authors,  detection  of  nasal  germs  should  be  systematic,
and  treated  if  necessary  [23];  while  for  others  no  search  is
necessary  because  it  is  not  discriminant  [24].  Finally,  oth-
ers  advise  topical  antibiotic  treatment  in  all  patients  [25].
Results  strongly  suggest  that  systematic  screening  with  a
urine  dipstick  should  be  performed  for  urinary  tract  infec-
tions,  and  may  be  associated  with  a  cyto-bacteriological
examination  of  urine  (CBEU)  [26].  On  the  other  hand,  the
relationship  between  dental  status  and  the  risk  of  THA  infec-
tion  is  still  a  subject  of  debate  in  orthopedics  [27].  Finally,
failure  to  follow  hospital  unit  prophylactic  antibiotic  proto-
cols  was  reported  in  20%  of  the  cases  in  this  study.  This  has
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lready  been  reported  in  investigations  performed  by  Ortho-
isq  and  could  be  improved  by  practicing  the  ‘‘check-list’’
roposed  by  the  French  National  Health  Authority  [28,29].
In  this  study,  a  majority  of  patients  who  underwent  revi-
ion  for  infection  were  overweight  males  with  a  higher
SA  score;  risk  factors  that  have  been  reported  in  previous
tudies  [5,10,30].  This  seems  to  contradict  North  American
tudies  by  Bozic  et  al.  [3]  and  Namba  et  al.  [31]  which
ound  a  majority  of  women  in  7614  and  30,491  revisions
or  infected  THA  respectively,  while  Dale  et  al.  [10]  found
hat  male  gender  was  associated  with  a  risk  of  revision  for
nfection  in  a  study  of  Norwegian  registers.
On  the  other  hand,  multivariate  analysis  showed  other
actors  that  were  speciﬁcally  associated  with  a  risk  of
evision  for  infection.  An  initial  diagnosis  of  avascular  necro-
is  (AVN)  increased  the  rate  of  revision  for  infection  by
.4.  Cordero-Amputero  et  al.  [32]  identiﬁed  post-traumatic
steoarthritis  in  a  retrospective  study,  although  there  was
o  established  proof  concerning  AVN.  This  disease  is  associ-
ted  with  its  own  speciﬁc  identiﬁed  risk  factors,  mainly  in
en.  The  use  of  a  dual  mobility  cup  for  primary  THA  has
een  signiﬁcantly  correlated  with  an  increased  risk  of  revi-
ion  (by  2.5).  Massin  et  al.  [33]  reported  a rate  of  revision
or  infection  at  8  years  of  less  than  1%  in  2601  cases  with
ual  mobility  cups.  However,  the  fact  that  dual  motility  cups
ay  have  been  proposed  for  primary  THA  in  patients  with
ore  general  risk  factors  (older,  undernourished,  neurolog-
cal  deﬁcits)  on  one  hand  and  a reduced  risk  of  dislocation
fter  revision  of  these  cups  on  the  other  hand  [34]  are  pos-
ible  statistical  biases  to  this  study.  Finally,  the  ﬁnding  that
he  Rottinger  anterolateral  surgical  approach  increases  the
ate  of  revision  for  infection  by  3.4  is  new.  It  is  true  that  this
echnique  has  an  important  learning  curve  and  is  associated
ith  its  own  complications  [35—37].
Once  again,  we  would  like  to  insist  that  this  symposium
nly  included  revision  THA,  which  made  it  impossible  to  con-
ider  that  the  identiﬁed  factors  were  the  direct  cause  of
nfection  of  primary  THA.  Nevertheless,  these  new  notions
hould  be  taken  into  consideration  in  future  studies  on  the
revention  of  THA  infection.
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